ObjectiveaaIntolerance of uncertainty (IU) is a transdiagnostic construct in various anxiety and depressive disorders. However, the relationship between IU and panic symptom severity is not yet fully understood. We examined the relationship between IU, panic, and depressive symptoms during mindfulness-based cognitive therapy (MBCT) in patients with panic disorder. MethodsaaWe screened 83 patients with panic disorder and subsequently enrolled 69 of them in the present study. Patients participating in MBCT for panic disorder were evaluated at baseline and at 8 weeks using the Intolerance of Uncertainty Scale (IUS), Panic Disorder Severity Scale-Self Report (PDSS-SR), and Beck Depression Inventory (BDI).
INTRODUCTION
Intolerance of uncertainty (IU) refers to a "dispositional characteristic that results from a set of negative beliefs about uncertainty and its implications, and involves the tendency to react negatively on an emotional, cognitive, and behavioral level to uncertain situations and events. " 1 It was initially suggested that IU was specifically associated with excessive worry in generalized anxiety disorder. [2] [3] [4] Recently, however, many studies suggested that IU may be a transdiagnostic construct in various anxiety and depressive disorders. [5] [6] [7] [8] [9] Few studies have examined the relationship between IU and panic disorder. Sexton et al. 4 reported that IU failed to predict panic symptom severity, as measured by the Beck Anxiety Inventory (BAI), in a non-clinical sample. In contrast, IU significantly correlated with panic symptom severity as measured by the Body Sensations Questionnaire (BSQ) and Agoraphobic Cognitions Questionnaire (ACQ). 7, 10 Additionally, two studies reported that the Intolerance of Uncertainty Scale (IUS) score was significantly higher in patients with panic disorder than those in a non-clinical sample. 8, 11 A significant and substantial relationship between the IU inhibitory dimension and panic symptom severity was reported in a community sample. 12 Similarly, in patients with panic disorder, there was a significant relationship between the IU inhibitory dimension and anxiety sensitivity (AS) somatic and cognitive dimensions with panic symptom severity. 13 There are some reasons why researchers consider IU to be a potential panic disorder construct. First, patients with panic disorder frequently experience uncertain physical sensations, for which the cause and meaning are uncertain. Second, a panic attack itself accompanies a fair amount of uncertainty, as individuals cannot predict where and when a panic attack might occur and how long it might last. In this sense, individuals who can better tolerate this uncertainty may interpret this bodily sensation as less of a potential threat without catastrophizing. Therefore, they experience less frequent panic attacks.
Mindfulness-based cognitive therapy (MBCT) was developed for depression relapse prevention. MBCT use subsequently expanded to treat various anxiety disorders, such as generalized anxiety disorder (GAD), post-traumatic stress disorder (PTSD), and panic disorder. [14] [15] [16] Our group previously reported a reduction in panic symptom severity and AS following MBCT for panic disorder. To the best of our knowledge, no study has reported changes in IU during MBCT. 17, 18 Patients with panic disorder frequently suffer from depressive symptoms in addition to panic symptoms. 19 MBCT is an empirically supported treatment for both panic and depressive disorders.
18,20 Therefore, we cannot exclude the possibility that panic symptom improvement is associated with improvement in depressive symptoms. In addition, panic patients exhibit various level of panic symptom prior to participating in MBCT. The level of baseline panic symptoms can be one factor influencing the reduction in panic symptom severity.
The present study was designed to investigate the relationship between IU, panic, and depressive symptoms during MBCT for panic disorder. Our hypotheses were as follows. First, IU, panic, and depressive symptoms would be significantly reduced in patients with panic disorder after MBCT. Second, the reduction in panic symptoms would be significantly correlated with pre-treatment panic symptom severity, the reduction in IU, and the reduction in depressive symptoms after MBCT. Third, the reduction in IU would significantly predict the reduction in panic symptom severity after controlling for pre-treatment panic symptom severity and the reduction in depressive symptoms after MBCT.
METHODS

Subjects
Subjects were recruited among panic disorder patients who were treated in the Department of Psychiatry, CHA Bundang Medical Center, from May 2012 to December 2013. After screening 83 patients, 69 patients were enrolled in the present study. Patients were enrolled in the present study if they were between 18 and 65 years of age and met the Diagnostic and Statistical Manual of Mental Disorders, Fourth Edition (DSM-IV) criteria for panic disorder with or without agoraphobia following the structured clinical interview for DSM-IV (SCID), Axis I disorders (inter-rater reliability, k: 0.82). 21, 22 Experienced psychiatrists (SHL and BK) confirmed that the subjects were stable and that their remaining symptoms had not changed according to the Clinical Global Impressions (CGI) scale for at least 2 months prior to MBCT commencement.
Fourteen participants were excluded due to a history of comorbid Axis I disorders, mental retardation, personality disorders, or serious medical conditions (e.g., pregnancy, chronic obstructive pulmonary disease, bronchial asthma, cardiac disease, or thyroid disease). We excluded patients with comorbid psychiatric disorders in order to examine the relationship between IU, panic, and depressive symptoms in pure panic disorder during MBCT. Prior to the study, enrolled patients had not participated in other treatments, including psychotherapy, meditation, or yoga. Sixty-nine patients received MBCT for panic disorder. Among them, 27 failed to attend seven or more sessions, and were excluded from analysis. The flow of the current study is described in the Figure 1 .
All patients took medication [mean±standard deviation (SD); 5.96±8.60 months] prior to participating in the study. All study procedures complied with Bundang CHA Hospital Institutional Review Board regulations and all participants provided written informed consent.
Assessments
IUS
The 27-item IUS was used to assess intolerance of uncertainty in subjects who participated in MBCT for panic disorder. The IUS includes items that assess emotional, cognitive, and behavioral reactions to ambiguous situations, implications of being uncertain, and attempts to control the future (e.g., "It frustrates me not having all the information I need"). 23 The items are rated using a 5-point Likert scale ranging from 1 ("Not at all characteristic of me") to 5 ("Entirely characteristic of me"). The IUS used in the present study was translated into Korean, and consisted of a 4-point Likert scale. 24 It had high internal consistency in both nonclinical and clinical samples. 9, 25 The internal consistency of the total score at pre-treatment in the current sample was high (Cronbach's alpha: 0.94).
PDSS-SR
The PDSS measures all panic disorder dimensions, including panic attack, anticipatory anxiety, panic-related phobias, wellness, severity of all symptoms, and impairment. 26, 27 The PDSS-SR is a 7-item self-report measure of panic disorder symptoms (e.g., "During the past week, how much have you worried or felt anxious about when your next panic attack would occur or about fears related to the attacks?"). 28 Items are rated using a 5-point Likert scale ranging from 0 (none) to 4 (extreme). The Korean PDSS-SR showed good reliability and was satisfactory in a previous study. 29 Internal consistency at pre-treatment was high in the current sample (Cronbach's alpha: 0.88).
BDI
The BDI was initially developed as a 21-item measure of depressive symptoms. In the present study, we used the Korean BDI (K-BDI), which has high internal consistency (Cronbach's alpha: 0.85) and discriminant validity. [30] [31] [32] Internal consistency at pre-treatment was high in the current sample (Cronbach's alpha: 0.87).
MBCT program
The MBCT program used in the present study was led by three trained psychiatrists (SHL, SL, and MKK) who followed the MBCT manual for panic disorder. 16, 18 The program composed of 90 minute weekly sessions and homework for 8 weeks. The program was conducted in nine separate groups, each of which comprised up to eight participants. Weekly session components are described elsewhere. 17 Briefly, the sessions included psychoeducation regarding causes, symptoms, cognitive model, and cognitive distortions that occur in panic disorder and mindfulness techniques (e.g., body scan, 3 min breathing space, sitting meditation, mindful walking, etc.). Homework was designed to encourage the participants to use mindfulness techniques in everyday life. Program adherence was monitored weekly using the homework checklist.
Data analysis
Sociodemographic characteristics were analyzed using the chi-square test and t-tests. Severity of panic symptoms, depression, and intolerance of uncertainty were analyzed over time using a repeated measures analysis of variance (ANO-VA). Reductions in IUS, PDSS, and BDI scores following MBCT were calculated with the equation: [(pre-treatment score-post-treatment score)/pre-treatment score×100 (%)]. Correlation analysis was conducted to investigate the rela- Enrollment tionship among pre-treatment PDSS score, the reduction in IU, BDI, and PDSS scores. Hierarchical regression analysis was then used to assess whether the reduction in IU could predict the reduction in the PDSS score after controlling for pretreatment PDSS score and the reduction in the BDI score, which were significant in the correlation analysis. SPSS 21.0 (IBM SPSS Statistics, Somers, New York, NY, USA) was used for statistical analysis. All reported probability values were two-tailed, with p<0.05 considered statistically significant.
RESULTS
Sociodemographic characteristics
Sociodemographic characteristics of participants were as follows: age (mean±SD, 37. (Table 1) . Age, years of education, duration of illness, and economic status did not significantly correlate with the reduction in PDSS score following MBCT. There were no significant differences in PDSS reduction based on gender or marital status. Relationships between IU, panic symptom severity, and depression Figure 2 shows the relationship between IU, panic symptom severity, and depression. Pre-treatment IUS scores were significantly correlated with PDSS and BDI scores (r=0.49, p=0.003 and r=0.51, p=0.003, respectively). Pre-treatment PDSS scores were significantly correlated with pre-treatment BDI scores (r=0.62, p=0.0001).
Changes in intolerance of uncertainty, panic and depressive symptom after MBCT
PDSS reduction was significantly correlated with IUS reduction and BDI reduction (r=0.54, p=0.004 and r=0.53, p=0.002, respectively). PDSS reduction was also significantly correlated with pre-treatment PDSS scores (r=0.41, p=0.018).
Hierarchical regression analyses predict the reduction in PDSS following MBCT
Hierarchical regression analyses was performed to investigate whether intolerance of uncertainty could predict reductions in panic symptom severity following MBCT, after controlling for pre-treatment panic symptom severity and reductions in depressive symptoms. Table 3 summarizes the findings from the regression analyses. In the first step, the pretreatment PDSS score was entered. The model was statistically significant [F (1, 49,850)=4.98, p=0.004] and explained 17% of the variance in PDSS reduction. In step 2, the reduction in BDI was entered, and the model was still statistically significant [F (2, 64006)=9.08, p=0.001], and explained an additional 27% of the variance in PDSS reduction. Finally, IUS was entered in step 3. The model was statistically significant [F (3, 53084)=8.92, p<0.001] and explained an additional 11% of the variance in PDSS reduction after controlling for pre-treatment PDSS score and the BDI reduction following MBCT. 
DISCUSSION
The present study demonstrated with statistical significance that IU, panic, and depressive symptoms in panic disorder patients can be substantially reduced by MBCT for panic disorder. In addition, IU was significantly correlated with panic disorder symptoms prior to treatment. Finally, the reduction in IU was associated with the reduction in panic disorder symptoms after MBCT for panic disorder.
During MBCT for panic disorder, patients learn to be aware of their thoughts as an object to observe. Additionally, psychoeducation sessions teach patients to understand their common way of thinking, such as catastrophic misinterpretation. Lastly, by practicing attending to physical sensations in detail Reduction, [(pre-treatment score-post-treatment score)/pre-treatment score×100 (%)], B represents the unstandardized regression coefficients for each step. *p<0.05, **p<0.01, ***p<0.001. MBCT: mindfulness based cognitive therapy, PDSS: Panic Disorder Symptom Severity, BDI: Beck Depression Inventory, IUS: Intolerance of Uncertainty Scale (e.g., breathing, touching, or moving) patients can better escape from further catastrophizing. In the face of uncertain bodily sensations (e.g., palpitation) or situations (e.g., riding public transportation), patients can become more aware and effectively handle catastrophizing misbeliefs using mindfulness techniques. Eventually, they can better tolerate those uncertainties. This is the first intervention-based study to date that investigated the relationship between IU and panic symptom severity. Previous studies reported a significant reduction in IU in other anxiety disorders across treatments that were mostly based on cognitive behavioral therapy (CBT). [33] [34] [35] Both MBCT and CBT enhance one's ability to be aware of their thoughts; however, patient instructions regarding how misbeliefs should be handled significantly differ between the two techniques. While MBCT emphasizes acceptance of misbeliefs without judgment or elaboration, CBT encourages patients to correct misbeliefs using reevaluation of the belief and cognitive exposure. 33, 36 We found a significant association among IU, panic, and depressive symptom severity prior to treatment. This result agrees with those of previous studies. 12, 13, 37 In contrast, another group reported that IU was not significantly associated with panic disorder symptoms. 4 This inconsistency may stem from the difference in sample selection and assessment measures used in previous studies. Only one study, by Carleton et al. 13 was conducted in patients with panic disorder exclusively. 13 Sexton et al. 4 measured general anxiety symptom severity instead of panic symptom severity. 4 The reduction in IU was significantly correlated with the reduction in panic symptoms after MBCT. This finding is in accordance with those of studies that reported a significant correlation between reductions in IU and anxiety symptoms in GAD, obsessive-compulsive disorder (OCD), and social phobia after CBT. 33, 34, 36, 38 In addition, greater reductions in IU were associated with greater reductions in panic symptoms after controlling for pre-treatment panic symptom severity and the reduction in depressive symptoms.
The present finding can be explained by the following mechanism. First, patients with panic disorder repeatedly experience a self-perpetuating cycle in which uncertain bodily sensations induce catastrophic misinterpretation, further anxiety, and more intense bodily sensations. It is presumed that enhancing patients' tolerance of uncertainty during MBCT for panic disorder might prevent this self-perpetuating cycle. Second, panic attack itself is an unpredictable and recurrent condition. Patients cannot predict when the next episode will be and how long it will last. Therefore, patients with panic disorder suffer from anticipatory anxiety (i.e., worry, fear, or concern that the attacks will occur again), and often develop avoidant behavior (e.g., not using public transportation or withdrawing from social activity). We postulate that patients learned to tolerate this inevitable uncertainty effectively due to MBCT, and subsequently experience less anticipatory anxiety and avoidance symptoms.
Carleton et al. 13 reported that IU and AS are independent vulnerabilities for panic disorder, and intervention may benefit from addressing both IU and AS. Although AS was not included in this study, our group previously reported a significant AS reduction after MBCT in patients with panic disorder. 17, 18 Accordingly, MBCT appears to be effective for patients with panic disorder.
The present study should be interpreted with caution for the following reasons. First, the small sample size of the study and the lack of a control group limited its statistical power and generalizability. Second, the drop out rate during MBCT in this study was relatively high. The more appropriate statistical method using intention to treat analysis may need to be considered in the future studies. Third, it is difficult to determine the causal relationship between IU, panic, and depressive symptom severity during MBCT. Experimental research that aims to determine the causal nature of the relationship may be necessary. Fourth, we did not use a scale to measure mindfulness proficiency, such as the Mindful Attention and Awareness Scale (MAAS), because a well-validated measure has not been developed in the Korean language.
In spite of the above limitations, the current findings support and extend those of previous studies suggesting that IU may be a panic disorder construct. 12, 13, 37 The present study indicates that IU may have an important role in the diagnosis and treatment of panic disorder. Evidence exists suggesting that CBT reduces IU in various anxiety disorders; we now suggest that MBCT is an effective treatment option to lower IU in patients with panic disorder.
